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Chick plumage. — Sexes indistinguishable by color alone. Plumage as before, except that 
the remiges and rectrices de-velop precociously, together with a few feathers along the sides 
of the breast and belly. A few other spots also develop feathers precociously. The breast 
feathers are buff or brown; the rectrices and remiges buff and brown mingled irregularly. 
This plumage is perhaps a phase of the down plumage due to the precocious development of 
the main wing and tail feathers. 

Juvenile plumage. — Sexes readily distinguishable. Female: buff breast, dull- black pri- 
maries, brown and black secondaries and tail feathers. Hackle laced with yeUow, the center 
black and yellow mixed; remainder of the plumage brownish and dull black, closely inter- 
mingled as stippling. Male : Dorsa 1 feathers short, but may be pointed at end in late stages ; 
breast red and black or buff and black; rectrices black, primaries black, secondaries red and 
black; remainder of plumage red and black with some indications of the adult body-pattern. 

Adult. — Sexes very different. The female similar in color to the female in juvenile plu- 
mage, except that as a rule the stippling is much finer (plate vi, k) . The male has several 
well-marked body areas, viz, glossy black breast and belly, black wing front and bar (first 
and second row of secondary coverts). Feathers of the rest of wing and middle of back red 
with black centers, short but pointed. Saddle feathers long and pointed (plate vi, Z), with 
black centers (sometimes absent in lateral feathers), and red or orange margins; tail coverts 
glossy black, long and curved, rectrices black. Hackles long and pointed, similar in color to 
saddle feathers. The red feathers of the back and wing and the saddle hangers are char- 
acterized by having a part of each barb modified into a bristle. 

JUVENILE CHARACTERS. 

The characters of the young are often spoken of as identical with those 
of the female. In many instances this is true, particularly for those 
characters of the adult male which are absent in the adult female, yet 
other characters appear only in the young, while a third set appears 
only in the young male; the last are sometimes specific, sometimes like 
those of the adult male. In the Leghorns there is no stage in which the 
young male, as a whole, is like an adult female, though he may be 
more like his mother than like his father in that both are brown. In 
the down, also, he is brownish (as well as his sister) , but in an entirely 
different way from the adult female. The young drake in juvenile 
plumage on the whole resembles his mother far more than his father, 
just as the latter in the state of ecUpse comes to resemble his mate. In 
the down his plumage, like the Leghorn's, is identical with that of his 
sister and neither are at all Uke their mother or father. On the whole 
very few juvenile characters in the young male are identical with those 
of the female. Even the young female has many characters peculiar 
to her age. In the young male Brown Leghorn the only character almost 
identical with a female character is the brown stippling on the feathers 
of the dorsal region in many individuals. His breast feathers are 
always red and black, never entirely bufif. His comb grows faster 
than his sister's and is noticeably larger at a very early age, three weeks 
or less in robust individuals. The young drake has head stripes Uke 
his mother's, but this is about the only point on which there can be no 
question of the resemblance. His ventral feathers, while dull black 
with brown edging like his sister's, are not penciled like those of the adult 
female. On the other hand, his mandible begins to change color at a 
very early age. A few vermiculated feathers occur on parts of the body, 
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In determining the degree of anesthesia, reUance is placed upon the 
amount of relaxation of the neck, the condition of the eyes — i. e., 
whether open or closed — and the rate and depth of respiration. With 
good working anesthesia the neck is limp, the eyes closed, and the 
respiration deep and regular. Too much ether is shown by shallow, 
rapid, but often sUghtly irregular respiration. Too Uttle is indicated 
by a rigid neck and often open eyes, though the bird gives few other 
indications of sensibiUty. Rapid respiration is often observed with 
too httle ether. 

PRELIMINARY STEPS. 

The bird is fastened to the operating table by a cord aroimd both 
wings, which are drawn over the back, while the legs are similarly fas- 
tened, but stretched at a medium tension in Une with the long axis of 
the body. The feathers are plucked from an area extending from the 
fourth rib posteriorly over the thigh and from mid-line of the back to 
the center of the breast. An obUque incision is made through the skin 
from near the mid-dorsal line, sUghtly obUquely downward, following 
the anterior margin of the sartorius; then an incision is made between 
the last two ribs. This incision should be as large as necessary for con- 
venience and will vary in different cases, care being taken to avoid 
extending the cut so far dorsally as to sever the spinal artery. The 
ribs are drawn apart by hooks and chain or suitable spreader. 

REMOVAL OF TESTES. 

In the male, except in very young individuals, the area of attachment 
of the testis is small, proportionally to the size of the organ. At the 
age at which the testes are commonly removed in commercial caponiza- 
tion the testes are ovoid in shape, while the vascular system is slightly 
developed. The connective tissue is also delicate, so that with modem 
instruments the removal of the gonads is a simple matter. In the adult 
the vascular supply has become well developed, the area of attach- 
ment absolutely larger, while the connective tissues are tough, necessi- 
tating the use of Ugatures and knives in their removal. In the very 
young bird the testes are deUcate; each has the form of a narrow cylin- 
der, pointed at both ends, which is attached along one side to the iliac, 
rendering the removal correspondingly difficult. It may be readily 
accompUshed, however, with a slender pair of curved forceps, but 
much care must be taken to avoid rupturing the iUac or the testicle. 
If the latter happens, it becomes very difficult to make a complete 
removal. The best procedure yet found in removing these very young 
testicles is to get one end started by picking carefully at the union with 
the iliac; the testicle can then be peeled off by keeping hold of the 
capsule on the iliac side with the forceps. Sometimes it may be found 
desirable, after the end has been started, to push off the testis with a wad 
of cotton. With older birds ordinary caponizing tools may be used. 
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After the cotton has been inserted, all that is necessary is to close the 
ribs together with one or two ties, depending on the size of the bird. 
Finally, the skin is closed with a continuous suture. It is not necessary 
to remove suture or cotton at a later time, as they apparently never 
interfere with the health of the bird. It is not necessary to use any 
but the most ordinary aseptic methods. 

DESCRIPTION OF CASES. 

DUCKS. 

During the course of the present work, females and males have been 
operated on, some with successful results, i. e., complete gonadectomy ; 
others with absolute failure, while many yielded partially successful 

Table l.^)variot(miized femaie dvcka. 



Band 
No. 


No. and char- 
acter of opera- 
tions. 


Date. 


Age at 

first 

operation. 


Male 
charac- 
ters first 
noted. 


Results and remarks. 


4 


fUncertain 

\Examination . . 


Mar. 11, 1909 


11 mos.. . 


July 4, 


Type II. Laying; egg in ovi- 


Aug. 22, 1912 




1910 


duct at operation ; described 












in Biol. BuU., 1910; bird 












alive Dec. 1915. 


20 


Not certainly 
complete. 


Aug. 19, 1912 


4 mos . . . 


Sept. 17 


Transitory male characters. 


24 


Uncertain 


Aug. — 1909 


12 wks. . . 


July 4, 
1910 


Type II. Described in Biol. 
Bull., 1910. 


65 


Complete 


Aug. 20, 1912 


77 dys . . . 


Sept. 14 


Type I approximately. 


58 


Complete 


Aug. 20, 1912 


77 dys . . . 


Sept. 14 


Type 11. 


62 


Complete 


Aug. 20. 1912 


77 dys... 


Sept. 14 


Type II. 


86 


Two; both in- 
complete. 


Aug. 17, 1912 


About 63 
dys. 




No male characters. 




116 


rComplete? .... 
\Examination . . 


Aug. 7,1912 


11 to 12 


Oct. 16 


Type II. See text. 


Sept. 7, 1912 


wks. 








Incomplete 


June 13. 1912 


About 10 


Sept. 17 


Transitory male characters. 


137 


-j Incomplete.... 


July 30, 1912 


wks. 








Examination . . 


Oct. 16, 1912 






Ovarv found. 


138 


Incomplete 

Complete 


June 13, 1912 
Aug. 15, 1912 






No male characters. 
Transitory male characters. 


About 10 


Sept. 4 


140 


' Incomplete 

Uncertain 


Aug. 9, 1912 
Oct. 16,1912 


wks. 




See text. 


169 


Incomplete 

\Examination . . 
Probably com- 
plete. 


July 31, 1912 


45 dys. . . 


Sept. 14 


Type I. 


Aug. 19, 1912 
July 30, 1912 






No ovary found. 
Type I approximately. 


12 to 15 


Sept. 4 


173 




wks. 








Examination.. 
Probably com- 


Aug. 19, 1912 
July 30, 1912 






No ovary found. 

Type I approximately. See 


8 to 9 wks. 


Sept. 5 


174 


plete. 
Examination. . 


Aug. 17, 1912 






text. 


175 


Two; no re- 


July 31. 1912 






No male pliunage. 




moval at- 












tempted. 










176 


Complete 


Aug. 9. 1912 




Sept. 4 


Tvp« II- SiiTpiper pliimairfi 












unlike winter plumage. 


177 


Complete 


Aug. 10, 1912 


About 4§ 
mos. 


Sept. 4 


Probably Type I. Died Sept. 
1912. 


182 


Complete 


Oct. 31,1912 


4 wks. . . . 




Type I. See text. 
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approaching more closely to the female than to the male in general 
color. However, since her feather coloring resembles neither the nor- 
mal female nor the male in breeding plumage, it is perhaps better to 
consider this bh-d as a distinct type, designated below as Type II 
(plate iv). The majority of her individual feathers are either male or 
female in character and not a mixtm'e of the two. The plumage as a 
whole, however, is a mixture, containing typical male and female 
feathers, plus a third type that is neither. The latter are brown and 
buff, but are barred transversely, either in a perfect or more or less 
broken pattern (plate vi, figs, r and q). On the ventral surface some 
feathers are more or less intermediate— i. e., each feather shows both 
male and female characters. On the whole the condition approaches 
most nearly to that of the male in his summer plumage, but differs 
enough so that it can not be said that it is such a plimiage, especially 
in this individual, which is very much more like an unaltered female 
than the bird figured. Further, this plimiage is maintained through- 
out the year. 

No. 116, a, pure-bred Rouen, belongs to the same type as No. 4. 
Hatched May 18, 1912, the ovary was removed August 7, 1912, the 
removal being complete as far as an examination with the naked eye 
could determine. She was examined from time to time and no male 
feathers were found as late as September 7. Accordingly, the bird was 
opened and a careful examination made of the left side. No trace of 
any ovarian material could be found. The lack of male feathers a 
month after the operation was probably due to the fact that it was not 
ready to exchange the juvenile coat for the adult. Thus the feathers 
regenerating from follicles emptied at the time of operation belonged to 
the juvenile plumage. By October 26 the juvenile had been replaced 
by the adult plumage, which belonged to the type described for No. 4. 
The further history of the case is compUcated by an attempt to engraft 
bits of ovary beneath the skin. Apparently, however, the implanted 
ovary was without influence, for feathers plucked at the time were 
replaced a month later by either typical male feathers or those of 
Type II. For a time the bird was not under observation, but in the 
spring of 1913 she had not changed in any essential. This condition 
was maintained throughout the summer, until the fall molt took place, 
when to my surprise she developed a much more perfect male coat, 
corresponding closely to that shown in plate iv, which is a figure of 
No. 24 described in an earUer paper. A discussion of this type will be 
taken up in a later section. 

Female Ducks Pabtially Oyabiotomized. 

We may now turn our attention to some of the cases in which the 
removal of the ovary was almost but not quite complete. These cases 
throw considerable Ught on the effects of removal, besides giving us a 
more precise knowledge of the action of the ovarian secretion. 
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pletely, even when in the elongated condition; though it frequently 
happens that, owing to the extremely fragile nature of the testes, 
they become broken. When this happens it is difficult to make sure 
that all testicular material is removed; that left behind is very apt to 
grow. A second difficulty arises because of the relation of the spenna- 
togenic portion of the testes to the ducts. The Wolffian body lies upon 
the surface of the iliac and in intimate imion with it. In removing the 
testes from young birds this is usually left behind, and in some instances 
it apparently develops independently of the spermatogenic portion. 
In a few instances bu-ds have been subjected to autopsy without 
finding any trace of testicular material. Further work is required on 
this point, since, naturally, these facts have been learned as the work 
has progressed. 

Table 2. — Orchidotomized male dvcka. 



Band 
No. 


No. and character 
of operations. 


Date. 


Age at 
operation. 


Results and remarks. 


1 


Left removed, right 
ligatured and left 
in situ. 


Aug. 8, 1909 


15 mos 


Did not assume siunmer plu- 
mage in 1910, 1911, 1912. 
1913, or 1914. In summer 
phimage when operated on. 
See text. 


19 


Right only removed . 


Mar. 11. 1909 


11 mos 


Summer plimiage in 1909. 


470 


Complete 


Mar. 11, 1909 


11 mos 


Did not assimie summer plu- 










mage in 1909 nor during the 










remainder of his life. 


119 


Left only 


Aug. 9. 1912 


11 to 12 wks.. 


Summer plumage. See text. 


136 


Left removed 


June 13, 1912 


About 10 wks. 


Assumed summer plumage 
1913. See text. 


143 


Both removed 


Aug. 7,1912 


61 dys 


No summer plumage. See text. 


170 


Complete 


July 31. 1912 


46 dys 


No summer plumage. 


171 


Complete 


July 31, 1912 


46 dys 


No summer plumage. See text. 


172 


Not certainly com- 
plete. 


June 29, 1912 


10 to 16 wks.. 


Summer plimiage. See text. 


186 


Both removed 


Oct. 31,1912 


4 wks 


Did not assume summer plu- 
mage 1913. See text. 



No. 1 . This bird was over a year old when operated upon, August 8, 
1909. He was in full summer plumage at the time. The left testis 
was removed. A ligature was placed tightly about the base of the 
right testis and this testis was allowed to remain. This bird did not 
assume the summer plumage in 1910, 1911, 1912, 1913, or 1914. He was 
killed in December 1914. No trace of testicular material could be foimd. 
Traces, however, of the vas deferens were f oimd near its anterior end. 

No. 171. This bird, a few days after the operation, is shown in 
plate VII, D, rear; hatched Jime 16, the testes were removed July 31, 
1913. The protocol states that removal was complete but in fragments. 
The laterals and scapulars were just beginning to appear. The history 
of this bird was exactly that of a normal one to the time for the summer 
molt. Jime 10, 1913, the bird was molting, but the new feathers were 
exactly like the old, i. e., the bird did not develop the summer plumage 
of the normal male. 



{ 
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have been found. It has seemed best, however, not to delay the rest 
of the paper to complete the histological work, especially as similar 
material has been fomid in castrated females (fowl)^ and as a number of 
the birds are still imder observation. It seems probable that the body 
f oimd is the epididymis, which has developed in the absence of both 
germ cells and supporting cells. 

DOMESTIC FOWL. 

The operations on fowl yield results similar to those from ducks. 
The latter thus far have proved more suitable for experimentation 
because of greater hardiness and freedom from diseases, at least in the 
stocks available. Moreover, the ovary is removed more readily than 
from chicks. For these reasons fewer cases are available for the fowls 
than for ducks. 

Table 3. — Ovariotomized female fowl. 



Band 
No. 



1193 



No. and char- 
acter of opera- 
tions. 



1196 Mar. 31, 1911 



4042 



4050 
4071 

4140 

4154 

4288 

4290 
4470 

4471 



Date. 



Mar. 31, 1911 



Age at first 
operation. 



4 wks, 



f Complete 
Examination. . 



flncomplete.... 
\Examination . . 

Complete 



flncomplete.... 
\Ezamination . . 

Partial 



Complete , 



Complete . . . . 
Possibly com- 
plete. 
Complete . . . . 



Sept. 7,1912 
Dec. 14, 1912 



Sept. 6, 1912 
Dec. 14, 1912 

Sept. 6, 1912 

Sept. 6, 1912 
Dec. 14, 1912 

Sept. 7,1912 

Sept. 4, 1912 

Sept. 1, 1912 
Nov. 13, 1912 

Nov. 13, 1912 



4 wks. 



Male 

characters 

first 

noted. 



Results and remarks. 



} 



About 3 mos, 
About 3 mos . 

About 4 mos. 



32dys 

32 dys 
66 dys 

66 dys 



Sept. 19 
Sept. 19 

Sept. 22 

Sept. 26 

Sept. 26 

Sept. 21 
Nov. 26 

Nov. 26 



Transitory male plumage. 

Described in Amer. 

Naturalist, 1913. 
Male plumage. Described 

in Amer. Naturalist, 

1913. See text. 

'Transitory.* Spurs de- 
veloped well. Killed 
Oct. 10, 1913. Ovary 
regenerated. 

fTransitory.* Ovary re- 
\ generated. 

Transitory.* 

'New feathers completely 
male. Died Aug. 1, 
1913. See text. 

Transitory.* Oct. 12 ovary 

found. 
Transitory.* Sailed June 

11, 1913. 
Good male. See text. 
Transitory.* 

Good male. See text. 



Female Fowl Completely Ovariotomized. 

No. 4471' Hatched September 8, 1912. According to the protocol 
made November 13, 1912, ''a clean and complete removal of the ovary 
was effected." By November 26, male characters in the form of black 
feathers were visible in the breast. These continued to increase in 



^Cf Goodale. 1916. 



*Male plumage. 
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No. 1196, whose history has already been briefly given in the American 
Naturalist, but which it may be well to give in more detail. The bird 
was purchased as a day-old chick from a breeder. The chicks of the 
lot of which this was a member were exceptionally strong and vigorous. 
This individual was first opened when 10 days old and a part of the 
ovary removed, but a hemorrhage started, so the operation was discon- 
tinued and the opening closed. Ten days later she was again opened 
and the remainder of the ovary removed with great ease and without 
hemorrhage. At the time of the second operation the chick was in the 
down except for the remiges and rectrices. The chick plumage (see 
page 9) began to come in soon after this. As this plumage is alike in 
the two sexes, no evidence of any results appeared until the juvenile 
plumage began to develop. From this time on, the bird exhibited the 
characters of the male except that the comb and wattles grew less rap- 
idly than is the case in most normal males of this variety. At 6 months 
of age, while larger than those of the check pullets, these appendages 
were distinctly /emafe in form and shape. Eventually they became equal 
in size and shape to those of many cocks. Unfortunately, the males that 
had been kept as checks on the rate of comb-growth disappeared, prob- 
ably taken by rats; but even if they had not been lost, the com- 
parison would have been of small value, since the normal variation in 
rate of comb-growth is so large. In due course of time the juvenile 
plumage was replaced by that of the adult male, though differing in two 
points: first, the sickles of the tail were missing; secondly, many of the 
feathers of the saddle region were not long, pointed, and golden-laced 
with black stripes, but were broad, rounded at the ends, and colored 
dark brown with mmute red spots or stipphng (fig. c, American Nat- 
uralist, 1913). In shape and size they were identical with those of the 
hen, but the coloring differed, being more like similar feathers f oimd in 
this region in the juvenile plumage of the male. The bird was kept 
until she was well into the molt of the second year, in hopes that these 
would be replaced by typical male saddle feathers. Nothing of the 
sort happened. Each kind of feather was replaced by one of the 
same kind. In other words, no further development of the plimiage 
toward the male type occurred. In the light of other observations, it 
is probable that even if the bird had not been killed at this time she 
would not have developed more of the male plumage. 

The non-development of the sickle feathers of the tail may be 
explained in the following manner : The dorsal part of the uropygium 
was missing, resulting in a deficiency in the mmiber of rectrices, there 
being only 8 instead of the usual 12 or 14. The oil gland also was miss- 
ing. Moreover, a rumpless cock appeared in a younger brood obtained 
from the same breeder. Correspondence brought the fact that such 
birds occasionally appeared in his home flock. The evidence, then, 
indicates that the deficiency in sickles and tail feathers had nothing 
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slowly, probably accompanied by the developmemt of the "Wolffian 
body" pari passu. A further discussion can best await the results of 
the examination of several other instances of similar nature now on 
hand. 

No. 2058. This bird is of considerable interest. She is a pure-bred 
Brown Leghorn from the stock of one of the best-known breeders of 
the variety in this country. She was 2 months of age when the 
ovary was removed. In 2 weeks the first male feathers had begun to 
appear. The development of male characters continued until late in the 
fall, when she was a very good young male in appearance. As stated 
above, young males and castrated females under some circumstances 
are slow in reaching a complete development of the adult plumage. 

In this instance, the bright feathers of the wing bow were relatively 
few in number, while the hackle, back, and saddle feathers, though of 
adult color and shape, were quite short. While she was confined during 
the winter, most of the saddle feathers were picked off by her mates. 
The new feathers that came in were short, rounded at the end, and with- 
out barbuleless barbs; the ground color was black, the distal portion of 
the shaft often red, and the web sometimes sprinkled with minute brown 
spots. As somewhat similar feathers may often be seen in young males, 
httle attention was paid to the matter until late in the summer of 1914, 
when it was observed that the bird was not developing the expected 
adult male coat of feathers. The shape and size of the feathers of the 
new coat are more hke those of a hen-feathered male, while the color 
of the feathers of the back, saddle, and wing bow remained essentially 
as described. The rest of the bird is colored hke a male. This bird 
has a well-developed comb, wattles, and spurs, and in a sense corre- 
sponds to the Type II of the ducks. By means of an operation it has 
been determined that no ovary was present. 

Female Fowl Partially Ovariotomized. 

In several instances the ovary has not been entirely removed; indeed, 
in some instances, only a small fraction was taken out. In such cases 
no changes followed the operation. From other individuals almost 
all the ovary was removed, so much so that male plumage was devel- 
oped in varying degrees, though no definite relation between the amount 
of ovary removed and the degree to which the secondary sexual char- 
acters of the male developed has been made out, because the exact 
amount of ovary left has not been known, though in a few instances 
none could be seen with the naked eye. 

An interesting example of incomplete removal is afforded by No. 
4140. This individual was a hybrid female, whose original band had 
become lost. She was about 3 months old at time of operation and 
had well-developed female plumage. The removal, according to the 
protocol, was probably complete, though it was possible that a httle 
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would otherwise. Whatever improvement, if any, in flavor is due 
more to special methods of fattening than to removal of the germ glands. 
In the absence of the latter, the capon retains certain of his youthful 
characters much longer than he would otherwise, but it is very doubt- 
ful whether a yoimg cockerel fed and cooked the same as a capon 
could be distinguished by taste alone from the latter. Coinciding with 
the time of sexual maturity, the cockerel of the market breeds become 
"staggy," a condition characterized by a hardening of the muscles with 
the development of a greater amoimt of connective tissue. The com- 
mercial advantages of caponizing are found in greater size and slow 
maturity, with accompanying retention of the soft, richly flavored flesh. 
Eventually, however, capons become hard in flesh. 

The capon has been investigated, as a matter of scientific interest, 
by several students — ^Foges, Halban, and others. They reach essen- 
tially the same results, though there are some contradictions which, 
however, are easily explained. They are agreed that while the comb 
and wattles remain small, the plumage is essentially like that of the 
male, except that it lacks brilliancy. However, normal males often lack 
a good color, due to late hatching, overcrowding, poor growth, and 
other unfavorable conditions. Indeed, the plimiage of capons when 
properly cared for is fully as brilliant as that of normal males. None 
of these observers states the variety of fowls used, an important f eatiure, 
as the males of some breeds have very small combs and wattles. The 
spurs, too, vary much in the age at which they appear. In Leghorns 
spurs 10 mm. long have been recorded at 3 months of age. In some 
Plymouth Rocks and Brahmas they are just beginning to appear when 
the birds are a year old. If this variability among normal males be 
given due consideration, the discrepancies in the observations may be 
accoimted for. 

For the present study, the Leghorns were selected, among other 
reasons, because, first, they are not commonly caponized ; second, in each 
sex the comb and wattles are very large ; third, the spurs appear in the 
males at a comparatively early age. In a breed with these character- 
istics we find the following histories after castration : 

Seven pure-bred Brown Leghorns were castrated when from 21 to 28 
days of age, although commercially males are caponized at 2 to 3 months 
of age. At this time they possessed, in addition to the down, only 
remiges and rectrices. Two of the birds were kept until they were 16 
months of age, while the other two were kept imtil 4^ years of age. 
One of the two that was killed at 16 months had long been recognized 
as different from the others. He was more active and inclined to pay 
attention to the hens and grew a relatively large comb and wattles 
by the time he was 6 months of age. However, he was never observed 
to crow, though often watched and though particular efforts were made 
to get him to crow. On making the autopsy, a piece of testicle con- 
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July 16, 1915, in addition to organs similar to those of No. 1192, a 
piece of tissue, 3 by 5 mm., was foimd attached to the mesentery, which 
on sectioning proved to contain no spermatozoa or seminal tubules. 
On the contrary, its structure was very similar to that of the same 
material foimd in No. 1192. The possibility that this tissue is really 
spermatogenic, but degenerate because of its age and its position on the 
mesentery, can not at present be excluded, owing to the lack of suffi- 
cient comparative material, particularly testes from normal old cocks. 
Testes, however, from one old drake and one old cock have been 
examined and found to be normal. The early history of No. 1177 
is similar to that of No. 1192, but his later history differs shghtly in 
that his head furnishings grew to a larger size than those of No. 1192. 
He also became more active and had much the bearing of the nor- 
mal cock. 

In early maturity these two capons were not kept with hens, but 
with cockerels. Diu-ing the winter of 1912-13 they ran with hens along 
with normal males. In March the normal males were removed ; shortly 
after, the capons were observed treading the hens. They were never 
seen chasing the hens, but when hens squatted on their approach 
the capons moimted them and completed the sexual reaction. There 
was no evidence of desire on the part of the capon, but his reactions to 
the sight of the receptive hen indicate the existence of an instinctive 
complex motor response to the specific visual stimulus. 

The mating reaction between normals strengthens the interpretation 
given of the capon's behavior. The psychological condition of each 
of the principal actors is an important factor in determining the course 
of the mating process. As a rule, the male is always ready to copulate. 
The hens, however, vary. Some seem always ready, others never 
ready, while others vary from time to time. If a hen is ready for copu- 
lation she will squat and hold out her wings ready for the male to mount 
whenever he approaches. Under such circumstances he will moimt 
the hen and complete the sexual act, even though as far as one can see 
such intention was far from his mind. In other words, the action of 
the hen starts a complex reflex. Such is what happens when a mating 
occurs between the capon and hen; but in matings between normals 
it often happens that the hen is not ready when the male approaches, 
and if he attempts service she avoids him. If he is particularly 
anxious for service he may chase her and eventually force service. This 
sort of mating has not been observed on the part of the capons. Their 
matings, on the other hand, so far as observed, have always been in 
response to the female's sohcitation. 

For surety's sake, a large number of the eggs of these hens were 
examined, but all were found to be infertile. Later in the season, on 
two or three occasions, the capons were seen crowing. The crow 
was to all intents exactly the crow of a normal cock. This is inter- 
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esting, as it is unlikely that the birds had ever crowed before. The 
reaction was shown for only a brief period, under very favorable 
weather conditions in the spring. The males were kept with the females 
throughout the summer, but were not heard to crow again that season, 
although under daily observation. The mating reflex, however, was 
also kept up. 

During the summers of 1914 and 1915 these capons were again 
allowed to run with a large flock of females with which no other males 
were kept. The behavior of these birds has been veiy much like that 
of a normal male. I have not seen them chase the hens, but have seen 
them tread the hens under the same circumstances as before. Both 
crew occasionally and No. 1177 crew a good deal. He had a larger 
comb than the other, was more active, and carried himself in the erect, 
tense posture of active males and seemed more willing to tread the hens. 
The pugnacity of both was tested by introducing a strange male from 
time to time. On one or two occasions a fight resulted, in one of which 
the more active capon (No. 1177) came off victorious for the time being. 
After a few hoiu^s, however, the normal male returned to the attack and 
drove both the capons off the floor. It is possible that the temporary 
victory of the capon was due to the somewhat dazed condition of the 
male when placed in the pen. As a rule, these capons have either left 
the field at the first onslaught or fought very briefly. Usually, they did 
not make the first attack. 

The autopsies on these birds show that while they were imdoubtedly 
almost completely caponized, there was a regeneration of tissue, the 
exact nature of which will be reported upon later. It seems evident, 
however, that this regeneration must have been slow and that to it 
must be referred the growth of comb and wattles after a year and a half. 

Of another set of 4 Brown Leghorns castrated August 5, 1913, 
3 proved to be good capons. They were kept with hens, males, and 
other capons during most of the year. Two were used to brood chicks 
in 1914. One of these was seen crowing in September of that year. 
He was also noticed circUng the hens, but as far as observed did not 
tread any. 

A number of Rhode Island Red and Silver Penciled Wyandotte 
capons also were under observation, and these, too, were essentially 
similar both in respect to appearance and behavior. Several of these 
were examined and found to be completely caponized; in others, 
however, small amoimts of tissue, like that noted above, were found. 

The results of removal of the testes from the yoimg cockerel may be 
stated as follows: His plumage at a suitable age becomes identical 
with that of the cock, except that his feathers are longer. The comb 
and wattles do not develop, except in proportion to the increase in 
skull size. The spurs are like those of the cock, but become pointed 
at an age when the latter's are still blunt. His behavior is anomalous in 
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that, though usually quiet and voiceless, he sometimes crows, sometimes 
shows the male sexual reaction, and may brood chicks. (Plate vn, fig. G.) 
There is another pecuUarity of the capon that I have never seen 
described, although it seems impossible that it could have escaped 
notice. The first row of coverts covering the primaries become dispro- 
portionately long, while the secondary coverts retain their normal pro- 
portions. The disproportion is shown in plate vii, E. This increased 
size of the primary coverts is of considerable importance, since it indi- 
cates that the feathers dififer in their response to the secretions of the 
testes. While, as stated above, the feathers of the capon in general 
are longer than those of the cock, the coverts grow much longer than 
any of the neighboring feathers. 

AGE IN RELATION TO GONADECTOMY. 

The age at which the operation is performed may influence the final 
results in one of two ways: First, the character, such as a mature 
feather, may have ceased growing and therefore be non-modifiable. 
Secondly, it may be still growing, or it may resimie its growth sub- 
sequent to the operation, so that in either case there is the possi- 
bility of modification. Moreover, age might influence the type of 
modification through its action on other parts of the body. That is, 
a bird castrated when 3 weeks old might give an entirely different 
result from one castrated at 3 months, but thus far, aside from structures 
which are no longer growing and therefore no longer subject to the 
influence of the gonad, no constant relation to age has been observed. 

Since, however, the young bird is less differentiated than the older, 
greater changes would be expected. If it were possible to destroy the 
germ glands at the proper time during the embryonic life, the female 
embryo possibly might become transformed somatically into a male. 

AGE OF THE FEATHER GERM IN RELATION TO THE TYPE OF 

FEATHER DEVELOPED. 

It has happened in a number of instances that the female bird has 
been molting at the time of the operation. Individual feathers from 
such birds often show both male and female colors, color patterns, and 
even shapes, the area occupied by each depending upon the age of the 
feather germs; the younger the feather the larger the area of male 
characters. The colors are often separated by a clear-cut transverse 
line in both ducks and chickens. The effect is more striking in feathers 
from fowls than in those from ducks, largely because of the kind of 
characters involved. The cleanest-cut instances have been observed in 
Brown Leghorn pullets, particularly in the breast feathers, which are 
salmon-colored in the normal female but black in the male. The 
modified feathers are salmon-colored at the distal end, but at some 



SEXUAL CHARACTERS OF SOME DOMESTIC BIRDS. 33 

several millimeters, together with the center and most of the base, but 
along the edges of the tip, for about 6 mm., the feathers were dis- 
tinctly male, the barbules being absent and the barbs orange in color. 

like results have been obtained in several instances with the ducks, 
but in only one is the interpretation free from complications, due to 
the close resemblance of the female's plimiage with both the juvenile 
and summer plumages of the male and partly to the type of plumage 
found in the females of Type II. There is no question, of course, as to 
the nature of the male portion of the feather, provided it belongs to the 
breeding plumage. Whatever questions may arise are in regard to the 
female portion. Plate vi, p, shows one of these feathers. Doubtless 
more instances would have come under observation if particular pains 
had been taken to select birds in the right stage of development when 
operated on. 

Feathers that even for a small portion are male along the margin but 
female in the center, or vice versa, do not fit well with the suggestion 
that the ovarian secretion does not persist long in the circulation. 
However, another sort of explanation may perhaps be offered for such 
cases, and that is that some of these characters are more responsive to 
sUght amounts of the ovarian secretion than others. From the evi- 
dence presented above, it is quite certain that, although a minute 
particle of the ovary may be present, the amount of secretion produced 
may be insufficient to bring about the development of the female 
characters. As this particle grows the amount of secretion produced 
must constantly increase until it reaches a point where the male char- 
acters are completely suppressed. In between these may be a region 
where the amoimt of secretion present in the blood is sufficient to 
suppress some male characters, but not all. 

A different explanation may be offered to account for those instances 
where the color distribution in a transverse line is both male and female, 
but where this condition covers a very small portion of the feather and 
then gives way to a piu'ely male or female condition, as the case may be, 
since obviously the relation of the barbs to the axis while in the sheath 
is sufficient to account for the final relationship of the characters. 

The whole matter is further complicated by considerable variation 
in the characters in question, in some portions of the plumage at least. 

It may be possible to utilize this sort of data in studying the order 
in which the various parts of the feather are laid down. Thus, those 
feathers that have the margin on any transverse line of one color and 
the center of another color indicate that the corresponding parts in the 
feather germ are differentiated at different times, the margin being 
formed later than the center. On the other hand, from those feathers 
in which the transverse boundary line between the two colors is very 
sharp, one could conclude that the differentiation extends in a well- 
defined line transversely to the main axis of the feather cylinder. 
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the breast and belly. In the belly region the markings of the feathers 
in both the castrated female and the male in summer plumage are 
vague, but usually show a certain amount of vermiculation. The 
feathers of the breast regions in each of the three plumages (breeding 
male, summer male, and female), however, have a distinct pattern, 
which is often very varied and exceedingly difficult to describe briefly. 
In the female, the feathers are brown, penciled concentrically with buflf 
or else more or less spotted (c/. plate vi, figs, m and o). In the male 
they are self-colored claret. In the summer plumage of the male they 
are again distinct, having a reddish tip, the remainder being buff and 
brown, but with at least one or two transverse bars (c/. plate vi, figs, r 
and g). In the castrated female the feathers of this region approach 
most closely to the latter type. The transverse buff or reddish-buff bars 
are characteristic of the simmier plumage of the male and of Type II 
females. Certainly they bear no r^emblance to the plumage of either 
the breeding male or female. In the head region of the castrated 
females a mosaic is usually formed, part of the feathers being distinctly 
male, the other of a nondescript semi-female character. The remainder 
of the dorsal region is always approximately male, except for some of 
the scapulars. 

Why so many of the castrated females should develop a plumage 
that in part is very much like the summer plumage of the male is not 
at all clear. It can not be due to the absence of all gonads, as recorded 
above, for in the male the absence of such gonads results in a failure of 
the male to assume the summer plumage. Moreover, this plumage is 
not characteristic of all castrated females, since some develop the 
entire male breeding plumage. It would seem more hkely that the 
plumage of Type II is the result of some peculiarity in the gametic con- 
stitution of the bird. 

Possibly an explanation of this peculiar behavior may be found in 
the following suggestions : In poultry breeding, what is known as the 
double-mating system is used to secure individuals which come nearest 
to the standard requirements. The term "double mating" means 
simply that two separate lines are used to secure the standard male and 
female respectively. The female from the standard male line and the 
male from the standard female Une are wasters. In the last analysis, it 
means that to get a pair of show-room birds the females are bred from 
one strain, the males from another, each strain being carefully bred by 
itself. In Rouen ducks the breeder endeavors to produce a female with 
clean-cut concentric penciling of the type shown in plate vi, o. The 
male of the female line, though without penciling in the adult plumage, 
often has well-developed penciling in the juvenile or summer plumage, 
and, other things being equal, those males having the best penciling 
are chosen as breeders for standard females. 

Under such selection it follows that the flock as a whole is held reason- 
ably close to one end of the curve of variation. In the cross-breds the 
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strains of Plymouth Rocks, the fully developed comb of the male is very 
much smaller than that of the Brown Leghorns, though the latter are 
only half the weight of the Plymouth Rocks. The female Minorca has 
a laxger comb than that of the Plymouth Rock male, but, of course, the 
combs of the Minorca males are correspondingly larger. Moreover, in 
most instances the comb of the male has a proportionally larger blade 
than that of the female. A fmther difference is found in the textiu-e of 
the comb, that of the female being finer than that of the male. Finally, 
in the female Leghorn and similar breeds the comb almost always lops 
to one side. This secondary sexual character is not universal among 
domestic fowl, but is most common in the Mediterranean races. Or- 
dinarily, capons are derived from the low-combed races, a circumstance 
which has made it difficult to say that the capon's comb is not feminine. 
In the Leghorns, however, the capon's comb is practically undeveloped. 
Therefore, the only possible conclusion is that the capon's comb and 
wattles are infantile. They do not, of course, remain of the same size as 
that of the chick at the time of the operation. The base of the comb 




Comparative size of the combs of Brown Leghorn fowls. 

Op an adult male, h and c, two adult females, d, an adult 
capon. Drawing one-half natural size. 

increases in length with the increase in size of the skull. The height 
of the comb also increases somewhat in absolute size, but not in pro- 
portion to the comb length. The comb of the Leghorn capon, however, 
is about the same size as that of some Plymouth Rock females. The 
comparative sizes of the combs of the normal Brown Leghorn, male and 
female, and of the capon are shown in the accompanying text-figure. 

In the castrated females, the comb has developed in varying degrees, 
becoming very large and male-like in some, while in others it has 
remained comparatively small. As yet there is no clear evidence of 
the causes of this difference. Certainly it is not connected with the 
hypertrophy of the Wolffian body, for this has been found in every 
individual. The birds with large combs, as a rule, have been younger 
when castrated than those with small combs, but general conclusions 
can not be drawn from the few instances available. 
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as long as those in which the removal of the ovary was complete, they 
were otherwise similar. The spurs became attached to the shank 
bone and had the same symmetry as those from completely castrated 
hens. Apparently, the dependence of the spurs upon the internal 
secretion is relatively sUght, or, to look at the matter the other way, 
the inhibition exerted in the female upon the development of the spurs 
is so slight that once development starts the hormone is not always 
able to check it. 

EFFECTS ON THE VOICE AND ASSOCIATED ORGANS. 

Castrated ducks of both sexes, with the exceptions noted above, have 
undergone no change in voice. Each has retained the voice of the 
normal bird and each exercises its voice in a manner and to a degree quite 
the same as the imcastrated bird, except that some castrated females 
occasionally give voice to a sound similar to the drake's. Nor has any 
change been observed in the development of the syrinx in either sex. 

In fowls the effects are more marked. Castrated individuals of each 
sex are disinclined to give voice to any sort of soimd. Capons are 
capable of giving voice to all the soimds of which the cock is capable, 
but rarely do so, remaining (so far as ordinary experience goes) voice- 
less for long periods of time. Of course, it may happen that they use 
their voice more than noticed, but certainly to no such degree as that of 
the cocks nearby. 

The castrated females have been equally quiet. I have never heard 
one crow or attempt to crow. One has occasionally been heard to cluck, 
making a sound that resembled the calling of the cock to the hens for a 
tid-bit. Another was induced to " cr-r-r-r-k " like a hen on one occasion. 
Aside from these instances, and a squawk when handled roughly, they 
remain voiceless. 

EFFECT ON THE MOLT. 

As far as my observations go, castration with one exception has not 
influenced the molt of the capon. A definite statement in regard to the 
molt of the poullard can not be made at present. In some instances a 
molt comparable to the summer molt of the ducks has occurred, with 
corresponding changes in plumage, as described for No. 4471. A com- 
parable change, noted for No. 3840 and No. 2058 in 1915, has been 
described in detail elsewhere (Goodale, 1916). Other individuals, how- 
ever, may not pass through such a molt, while the same individual may 
not show the molt each year. Thus No. 4471 exhibited the molt in 1914, 
but not in 1913 or 1915. No. 4290, though of the same age as No. 4471, 
did not pass through this molt in either of her two adult summers. 

The castrated ducks, however, have behaved very differently. They 
molt several times each year and often without any definite relation to 
the normal molts of the adult. During the early period of their life, 
while they are growing the juvenile and adult coats of feathers, they 
molt at the same time that the normal birds do. The normal adult 
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EFFECT ON COLOR OF THE MANDIBLE. 

The effect of castration on the color of the upper mandible does not 
correspond to that observed for plumage-color. No change has been 
noted in fowl and none is to be expected, since the color of the mandibles 
is the same in each sex of Leghorns. In Rouens the upper mandible 
of the male, both normal and castrated, is uniform greenish yellow, in 
the normal female dark greenish with a large central black area. In 
the cross-bred birds the mandibles may be yellow in each sex. In 
Gray Calls (Mallard in plumage color) the mandible of the male is 
greenish yellow with a blotch like that of the female. In the castrated 
female the central blotch remains, but the dark greenish color of the 
margin disappears, leaving these parts yellow. Castration, then, is with- 
out influence on the male's mandible color, but removal of the ovaries 
results in the disappearance of certain pigments from the mandible of 
the female, regardless of the age at which the operation is performed. 

The newly hatched duckUngs are alike in the color of the mandible, 
which is almost black. During ontogeny that of the male Ughtens up 
uniformly until the adult color is reached; that of the female, however, 
lightens in certain regions only, corresponding to the pattern described. 
In one lot of ducklings a month old the differences in mandible color 
were already apparent. Probably it will be necessary in operating to 
anticipate such changes if a modification of the mandible color is to be 
secured, but thus far attempts to ovariotomize duckUngs a week or two 
of age have failed. We are unable, consequently, to deternime the 
exact relationship between the ovary and the blotch in the female's 
mandible. It is hazardous to assume, from analogy with other char- 
acters, that the female mandible color is really dependent on the ovary, 
but that its pigments have been deposited in an unchangeable state, com- 
parable with that in a fully formed feather. Instead it is possible that 
it is a unit character inherited according to some definite but unknown 
scheme. In Gray Call ducks, as pointed out, the male has the central 
blotch as well as the female. The male Rouen, exceptionally, may 
have the ridge of the mandible darker than the rest. Since the " Stand- 
ard of Perfection" calls for the mandible color described above, it 
becomes more probable that the blotch represents a separate unit 
character. 

EFFECT ON SIZE. 

It has long been known that the male mammal and bird, when cas- 
trated yoimg enough, grow larger than intact individuals. This is due in 
part to the continued growth of the epiphyses of the long bones, though 
at the same time there is a general increase in size. The present set 
of experiments has not been of suflficient extent, nor has the stock been 
suflBciently homogeneous in respect to weight, to give average results 
of any value whatsoever. That is, the variation among normals is so 
great that a comparison with the few castrated individuals might be 
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drakes, the penis has always been found, sometimes rather smaller 
and more flaccid than usual, but otherwise essentially the same as that 
of an intact drake. 

In the castrated female the oviduct has always been found. It is 
larger than that of the young chick, corresponding in its dimensions to 
the increased size of the bird, but otherwise is entirely infantile. In 
this respect it is like the comb of the capon. The increase in absolute 
size of oviduct is mainly in length, with a slight increase in width, quite 
like that of a young pullet prior to the enlargement of the oviduct in 
anticipation of laying. 

EFFECT ON THE BURSA FABRICII. 

This is not a secondary sexual character, but like the thymus is 
essentially an organ of the young and imdergoes involution at or near 
maturity. As slight attention was paid to it until its persistence was 
noticed in two completely castrated drakes, little can be said of it now. 
In incompletely castrated males it can not be found. Future observa- 
tions may show that some intimate relation exists between it and the 
primary organs of reproduction. 

OCCURRENCE OF CHARACTERS OF ONE SEX IN INDIVIDUALS OF 
THE OPPOSITE SEX THAT ARE OTHERWISE NORMAL. 

MALE CHARACTERS IN THE OTHERWISE NORMAL FEMALE. 

The most conspicuous of these characters are spurs which occur in 
some females that otherwise are apparently normal. In plate vii, B, 
are shown the shanks of a White Leghorn hen now 8 years old. The 
spurs, while somewhat more slender than those of a cock, i. 6., in 
proportion to her shanks, are otherwise quite as male-like as could be 
wished. In other respects the bird is entirely female in character, even 
her head furnishings being feminine. She has laid well and her eggs 
have hatched well. This bird was about 2 years old when the spurs 
were first noticed. At that time they were as well developed as in 
cocks of the same age. Another hen. No. 1055, related to the first, 
also has a fine pair of spurs. They appeared when the bird was 6 
months of age as blunt stubs exactly like those of a cockerel, and by 
the time she was a year old they had enlarged and become as pointed as 
those of any male of the same age. Both these birds have been bred 
from, and a hundred or more chicks hatched, but because of certain 
circumstances few of the pullets have been kept suflSciently long to 
develop spurs and these appeared in only one of the few kept. But 
the fact that spurred females appear in large numbers in some strains 
indicates that, at bottom, the spurs in the uncastrated female depend 
upon some hereditary factor or combination of factors. 

The comb and wattles of some females are often very large, giving 
the bird a masculine appearance. In Leghorns and other large-combed 
breeds the large combs in the female are not considered masculine, 
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even when the lop is absent. If, however, a pullet with an erect comb of 
similar size appears in a flock of Plymouth Rocks, she looks masculine. 
However, the proportions of the comb are usually unlike those of a 
male, and it also seems probable that if the bird had been a male the 
comb would have been several times the size it actually attained. In 
other words, such birds are simply large-combed but not masculine- 
combed females. 

In Mediterranean breeds the comb of the male is erect, that of the 
female lops. Females, however, frequently occur with erect combs, 
which, however, are of female size and proportions. In some males 
there is a tendency for the comb to lop, particularly when young, 
though it never does so in quite the same fashion as it lops in the 
female. While the comb of the female never lops after complete cas- 
tration, the comb of the young capon lops sometimes, like that of the 
young male. There is no reason, however, to believe that the lop of the 
adult female and that of the young male are due to the same causes. 
The lop observed in the comb of young males usually (but not always) 
appears due to lack of stamina or to some environmental causes, such 
as an injury. 

The exposed surface of the secondaries constitutes the wing bay. In 
the female of those races where there is a sex differential coloration of 
the body this area is stippled. In Brown Leghorns the stippling is light 
brown on a dark-brown ground-color. In the male it is a solid 
color — a uniform red in the Leghorns. While the stippled condition 
may be transitory in the young male, it has not been observed in the 
adult, either normal or castrated. In some cross-bred females belong- 
ing to the writer, the wing bay of the females is a solid color and its 
feathers would readily pass for a male's feathers from that region. A 
condition of this region, intermediate between the male and the female, 
often appears in Brown Leghorn females, and associated with it is a 
condition known as "brick'' by the fanciers. The brick is a reddish 
color of the wing-bow region, exactly that region which in the male is 
red. Its appearance strongly suggests a heterozygous condition, but 
no breeding tests have been carried out. 

In ducks, so far as I know, the only male character that appears in 
otherwise normal females is the neck ring, though it is reported that 
normal females sometimes develop the curled tail feathers of the male. 
In one instance the neck ring appeared when the duck (a Rouen with 
typical female plimiage) was less than a year old, but it is not known 
whether the duck laid or not. In hybrid females there are several types 
of neck rings, among them one like that of the male Rouen or Mallard. 
On the other hand, some hybrid males show no trace of a neck ring. 
One or two females of this race lacking neck-rings have been castrated 
and they, too, have not developed any ring, though otherwise they 
have been among the most perfectly male-plumaged individuals. 
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On the other hand; there are male characters which never seem to 
occur m the unaltered female, such as male saddle feathers, sickle 
feathers, black breast in Brown Leghorns (though self-colored brown 
breasts occur, the individual feathers of which are stippled), while in 
ducks vermiculated feathers, body pattern, etc., syrinx, bill color, etc., 
have not been observed in the normal female. Brandt, however, cites 
instances of fertile cock-feathered females. In general, then, it seems 
highly probable that some intimate relation exists between the germinal 
constitution of the female and the appearance in the normal individual 
of certain characters usually found only in the male. Also, it is inter- 
esting to note that these characters appear in the ducks of Type II, 
described above. Obviously, there is some close relationship between 
the gametic constitution of an individual and the internal secretion of 
the germ glands. 

FEMALE CHARACTERS IN THE OTHERWISE NORMAL MALE. 

Instances of the occurrence of female characters in males, strictly 
comparable to those just described for the female, are uncommon or 
wholly lacking. It has already been shown that the only character of 
this sort among capons is the brooding instinct. One reason for the 
non-occurrence of such cases is found in the few characters that it is 
impossible to confuse with juvenile conditions. Brandt records only two 
or three doubtful instances of this sort among a large number where 
females exhibited male characters. On the other hand, when female 
characters occur in the male they either form part of a normal cycle, 
such as the winter plumage of the bobolink, or the laterals in the summer 
plumage of the drake, or they are breed characters, such as hen feather- 
ing, discussed below. We may, perhaps, distinguish two categories of 
secondary sexual characters, viz, those absolutely dependent on the 
internal secretion of the gonad and those partially, at least, independent, 
and if this be true then those male characters occurring sporadically in 
females otherwise nonnal are in essentially the same class as the oc 
currence of female characters in the otherwise normal male. 

HEN-FEATHERED MALES. 

These birds are of great interest from several standpoints. The 
classical example is that of the Seabright bantams, yet it is stated in 
the history of this breed that the hen-leathering originated outside. 
Doubtless, hen-feathered males have long existed. They frequently 
occur as "sports" among Hamburgs, while among Campines two 
tjrpes of males are recognized, the English or hen-feathered and Belgian 
or normal type. These hen-feathered birds are fertile, though the 
statement has been made for Seabrights that those which are most 
strongly hen-feathered are inclined to be sterile. Possibly the reason 
is to be found in an inherited condition of sterility. Hen-feathered 
males have their other male characters well developed. However, the 
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DARWIN'S AND WALLACE'S THEORIES OF THE ORIGIN OF 

SECONDARY SEXUAL CHARACTERS. 

Both of these theories assume that the diflference between the sexes 
has arisen through selection — ^natural selection according to Wallace, 
sexual selection according to Darwin. Birds, in particular, have fur- 
nished illustrations in support of each theory. Natural selection is 
assumed to have operated through the survival of those females that 
were more protectively colored than their mates. The theory of sexual 
selection assumes, on the other hand, that the males acquired their 
present-day colors in response to selection on the part of the females, 
which chose the more highly colored males. According to Darwin's 
theory the start was made from a dull-colored monomorphic species, 
an assumption that is not in accord with the nature of the female as 
shown by castration, since the brilliant male colors are merely sup- 
pressed in her. The only possible effect of selection, then, would be 
the imcovering of a condition already present. But, by hypothesis, 
this condition did not pre-exist. 

Wallace's theory, starting also with a probably dull-colored mono- 
morphic species, is in partial agreement with the results of castration. 
It must be modified by assuming that natural selection acted indirectly 
through the development of an internal secretion of the ovary pari 
passu with increased brilliancy of the male rather than on the charac- 
ters themselves. Since, however, the female possesses the same poten- 
tialities as the male, the start may have been from a highly colored 
form rather than the reverse. 

NATURE AND MODE OF THE OVARIAN SECRETION. 

The adjustment of the ovarian secretion to the characters it modi- 
fies is very close, as shown by the fact that the male characters produced 
in a given female are like those of the corresponding male. This must 
mean that the large element in determining the result is the heredity 
basis and not the secretions. From this we may conclude that the 
secretion on the whole is relatively simple and probably of uniform 
nature. If the secretion were composed of many substances, one to 
produce each effect involved, such as the change from a vermiculated 
feather to penciled, from a gray and white to a black and brown, the 
resulting complexity would be so great that one would not anticipate 
any such close coordination as actually results. For purposes of illus- 
tration we may assume that the ovarian secretion is simple, producing 
its effect by oxidation or some other simple process. The sort of result 
produced by oxidation, of course, depends upon the substance that is 
oxidized. 

From another standpoint, the question may be raised as to whether 
the secretion should be considered as a modifier or an inhibitor. If it 
be assumed that it is a modifier, only one genetic basis need be assumed 



SEXUAL CHARACTERS OF SOME DOMESTIC BIRDS. 51 

RELATION BETWEEN THE GONADS AND THE SECONDARY SEXUAL 

CHARACTERS IN OTHER GROUPS. 

The influence exerted by the gonads on the secondary sexual char- 
acters varies from group to group. In msects, the secondary sexual 
characters are independent of the gonads. In certain crustaceans 
conditions are the reverse of those found in birds. In mammals, 
removal of the testes produces an effect very similar to that on the male 
bird. The female, however, imdergoes very little change in her secondary 
sexual characters. Steinach, however, has shown that by transplanting 
ovaries into the castrated male — rat or guinea-pig — ^he becomes femin- 
ized. Bresca found in Triton that the crest of the tail did not develop 
after castration, while Nussbaum f oimd for the frog that the thimib pads 
failed to develop, though Smith seciu-ed results opposed to Nussbaimi's. 

On the whole, the relation between the gonads and the secondary 
sexual characters appears to be specific and not general. Although 
more striking,_ their relation is essentially of the same order as other 
morphogenetic secretions, such as that of the thyroid. Indeed, the 
morphogenetic activity of the gonads is by no means confined to the 
secondary sexual characters, but produces other well-known effects. 

SUMMARY. 

1. If the ovary of a domestic bird be removed completely, many of 
the secondary sexual characters of the male appear. Some individuals 
become nearly complete replicas of the male, others imperfect imita- 
tions of the male. 

2. If the testes be removed, the majority of the secondary sexual 
characters of the male develop, though a few may remain in an infantile 
condition. 

3. Castrated drakes lose the power of developing the summer 
plumage. 



